A study of the inhibition of the growth of Streptococcus cremoris 972 by the enzyme lactoperoxidase has shown, in agreement with previous investigations, that the inhibition requires a source of both peroxide and thiocyanate. The thiocyanate may play more than one role. It stabilizes the very dilute solutions of lactoperoxidase employed in these studies, and its oxidation products may be involved in the inhibition. Binding of the enzyme by the microorganism is suggested by the fact that when the organism was preincubated with the enzyme and then in a medium free from the enzyme, but containing peroxide and thiocyanate, the growth of the organism was inhibited. This inhibition has all the properties of the enzyme-containing system. Although no dialyzable factor could be demonstrated to cause the inhibition, the inhibitory state involving peroxide, the enzyme, and thiocyanate survived for at least 60 min before cells were added to the medium. When catalase was present in the medium prior to the addition of the cells, the inhibition was completely reversed. It was only partially reversed if catalase was added a few moments after the addition of the cells. The data have been interpreted as indicating that the inhibition takes place rapidly and requires the formation of a quaternary complex of the cells, thiocyanate, peroxide, and the enzyme lactoperoxidase.
Several protein inhibitors of bacterial growth in saliva, tears, and milk have been recognized for many years ( 77, 1941) . One of these, lysozyme, was recognized and identified over 20 years ago. More recently, the enzyme lactoperoxidase has been shown to inhibit bacterial growth (3, 14, 20) . Before it was recognized that lactoperoxidase was present in saliva as well as milk, investigators correlated peroxidase activity with antibacterial activity (20) . Subsequently, Portmann and Auclair (14) and Jago and Morrison (3) were able to demonstrate the inhibition directly by employing preparations of the enzyme.
Jago and Morrison (3) demonstrated that
catalase, an enzyme which decomposes H202 to oxygen and water, prevents inhibition of Streptococcus cremoris strain 972 by lactoperoxidase.
This indicated that metabolically produced H202 was also required for the inhibition. It was shown subsequently that the addition of H202 increased the variety of organisms whose growth was inhibited by the lactoperoxidase system (15) .
Recently, the lactoperoxidase inhibitory system 1 (6) . In the presence of H202, lactoperoxidase oxidized thiocyanate to sulfate, cyanate, ammonia, and carbon dioxide (13) . Hydrogen peroxide oxidized thiocyanate in a nonenzymatic reaction which also appears to yield the same oxidation products (16, 18, 19) . The ability of iodide to replace thiocyanate in the inhibitory system (6) The concentration of bovine lactoperoxidase was determined by using the millimolar extinction coefficient of 114 at 412 nm (10 b In experiment 1, lactoperoxidase, H202, and KSCN were incubated for the indicated times before the medium was inoculated with cells. In experiment 2, lactoperoxidase, cells, KSCN, and H202 were incubated for the indicated times before catalase was added.
obviously plays an important role in stabilizing lactoperoxidase. Further, in the presence of peroxide or a peroxide-generating system, peroxidases are known to be converted to an inactive form in the absence of hydrogen donors. With thiocyanate present, acting as a hydrogen donor, this inactivation obviously does not take place.
In the presence of hydrogen peroxide, lactoperoxidase oxidizes thiocyanate to sulfate, cyanate, ammonia, and carbon dioxide (13) . However, hydrogen peroxide will also oxidize thiocyanate nonenzymatically to yield the same oxidation products. Cyanide was not detected in the lactoperoxidase-catalyzed oxidation of thiocyanide, but was detected in the oxidation of thiocyanate by myeloperoxidase, as was an unstable intermediate absorbing at 235 nm. Because sulfur dicyanide can be produced in a nonenzymatic, acid-catalyzed reaction, it was suggested that sulfur dicyanide or the compound absorbing at 235 nm may be involved in the inhibition of the lactoperoxidase-sensitive organisms. All of our experiments suggest that the inhibitor of lactoperoxidase is not a dialyzable component; hence, small molecules like the sulfur dicyanide molecule may not in themselves be directly implicated in the inhibition. Thus, the growth of S. cremoris was not inhibited when lactoperoxidase and thiocyanate were placed in a dialysis tube which was suspended in the growth medium containing peroxide and an inoculum of cells. This indicated that the inhibitor is not a small molecular weight diffusible product of thiocyanate oxidation catalyzed by lactoperoxidase. However, the antibacterial system inhibited growth even when lactoperoxidase, thiocyanate, and peroxide were preincubated for 30 min prior to inoculating the medium with the cells. This suggests that the conditions for inhibition may persist for as much as 1 hr in the medium and indicates that the inhibition requires that the lactoperoxidase, thiocyanate, and peroxide all be in contact with one another. This interpretation of the data, however, must be considered in light of the fact that the organism is capable of generating peroxide; hence, the thiocyanate oxidation may actually persist over a period of 1 hr.
In In these experiments, microorganisms were incubated with the enzyme and then centrifuged free from the medium. The cells were washed free from the medium and then placed in fresh medium to which no enzyme was added, but which did contain thiocyanate and peroxide. Under these conditions, the growth of the organism was inhibited. If the thiocyanate and peroxide were absent from the medium, the inhibition did not take place. These data clearly indicated that the enzyme interacts with the microorganisms in the absence of peroxide and thiocyanate. They further suggested that this interaction results in the modification of the microorganisms which leave them susceptible to inhibition by peroxide plus thiocyanate. When the incubation medium was at pH 6.6 rather than pH 7.3, even greater inhibition of the organisms was obtained in these experiments. That this phenomenon is not solely due to ionic effects is indicated by the fact that increasing the molarity of the salt in the medium over this pH range did not seem to affect the inhibition greatly.
